From the rice culture of Phomopsis sp. IM 41-1, isolated from the mangrove plant, Rhizhopora mucronata, two dimeric tetrahydroxanthones, phomoxanthone A (1) and 12-O-deacetyl-phomoxanthone A (2) were obtained. Their structures were determined by spectroscopic and spectrometric methods. Both compounds exhibited antimicrobial activities.
The interaction of endophytes, fungi that exist in a symbiotic relationship within the intracellular space of plants without causing apparent harm to their host plants, has received considerable attention. Endophytes produce bioactive substances that are known to enhance growth of the host plant and provide protection against pathogens and herbivores. These fungi have proven to be a promising source for the production of structurally novel and pharmacologically active secondary metabolites [1] . Our previous investigation of endophytic fungi isolated from plants in Japan resulted in the isolation of some bioactive and structurally unique metabolites [2] . In our continuing efforts to discover biologically active compounds among the secondary metabolites of endophytes, we have investigated the fungal strain Phomopsis sp. IM 41-1 isolated from Rhizophora mucronata, a mangrove plant collected from a forest in Muara Angke, Jakarta, Indonesia. R. mucronata (local name: Bakau Hitam) has found use in folk medicine for treatment of diarrhea, dysentery, fever, malaria, and leprosy [3] . Examination of the rice culture of Phomopsis sp. IM 41-1 resulted in the isolation of two dimeric xanthone-type compounds, 1 and 2. In this report, we describe the characteristics and fermentation products of the producing strain, as well as the isolation, structure elucidation and biological characterization of the two compounds.
Steamed unpolished rice was used as the substrate for the cultivation of the endophyte, Phomopsis sp. IM 41-1. The culture medium was extracted with methanol. The extract was concentrated, and the aqueous residue extracted with ethyl acetate. The EtOAc layer was subjected to silica gel column chromatography eluting with a n-hexane-EtOAc gradient. Purification of the compounds was guided by their characteristic coloration on TLC. Further chromatographic studies yielded two pure compounds: phomoxanthone A (1) [4] and a new phomoxanthone A derivative (2) .
Compound 2 was obtained as a yellow powder, and its molecular formula was determined to be C 36 H 36 O 15 by HRESITOFMS. The IR spectrum of 2 exhibited absorptions due to hydroxyl, carbonyl, and aromatic functions, whereas the UV spectrum showed the characteristic absorption pattern of a phomoxanthone derivative ( max 340 and 221 nm). The NMR spectrum of 2 also showed two sets of signals at the same position that were either completely overlapped or separated. The 13 C NMR and DEPT experiments revealed the presence of 36 carbons: four methylene, eight methine, five methyl, and 19 quaternary (sp 2 carbons also included three esters and two carbonyls). The 1 H NMR spectral data revealed the presence of five methyl groups [ H 1.07 (total 6H, d, J = 6.0 Hz, Me-11, 11') and 2.10 (total 9H, s, Me-14, 14' and 16')], of which three were singlets and two doublets; four aromatic protons [ H 6.47 Analysis of the 1D and 2D NMR data of 2 suggested that it consisted of one monomer identical to that of 1, but with the other one lacking the substitution pattern of the acetoxyl moiety. The plane structure of 2 was determined as shown in Fig. 2 by HMBC analysis. NOE experiments ( Fig. 2 ) exhibited key correlations from H 3 -11 to H-5, from H-12 to H-6, from H 3 -11' to H-5' and from H-12' to H-6', implying the same relative configuration as 1. Finally, the 1 H and 13 C NMR spectra of 1 corresponded with those of the acetylated product obtained by acetylation of 2 with Ac 2 O/pyridine, providing further evidence for the structure of 2. The relative configuration at C-5, C-6, and C-10a in the acetylation product of 2 was considered to be the same as that in 1, because protons and carbons at C-5, C-6, C-7, and C-12 in the acetylation product of 2 had chemical shifts and coupling constants quite similar to those of 1. Based on these results, the structure assigned to 2 was 12-Odeacetyl-phomoxanthone A (2) ( Fig. 1 ). In addition, the possibility of 2 being an artifact of 1 produced during the separation could be excluded since 1 was stable for one week in MeOH and silica gel. The activities of compounds 1 and 2 against Gram-positive and Gram-negative bacteria and fungal strains were evaluated using the agar diffusion method (Table 1 ). Both compounds exhibited moderate activity against Botrytis cinerea, Sclerotinia sclerotiorum, Diaporthe medusaea, and Staphylococcus aureus at a concentration of 30 g/disk. Both compounds lacked activity against the Gramnegative bacterium Pseudomonas aeruginosa.
Although the synthetic products are very effective in the assay system, the antimicrobial activity of compounds 1 and 2 produced by Phomopsis sp. IM 41-1 could play an important role in the protection of the host plant from degradation and disease caused by pathogens. Previous published reports have investigated biological activities of these compound types, including antimicrobial, antimalarial, antitubercular and cytotoxic activities. Although phomoxanthones A and B exhibited some activity, O-5,12,5',12'-tetradeacetylphomoxanthone A did not show any in these tests [4, 5] . These previous reports suggested that the acetylated moieties had a significant effect on biological activities, whereas the activity of 1 was linked to its lipophilicity. In the present study, the differences in the antimicrobial activities between 1 and 2 were small. Further pharmacological studies of 1 and 2 are currently in progress to better reveal the effect of the acetylation.
Experimental
General: Optical rotation values were measured with a Horiba SEPA-300 polarimeter, and IR and UV spectra were respectively recorded with Jasco J-20A, Shimadzu UV mini-1240, and Jasco J-20A spectrophotometers. Mass spectra were obtained with Jeol JMS-700 and Synapt G2 mass spectrometers. NMR data were recorded on a Jeol EX-400 spectrometer at 400 MHz for 1 H and 100 MHz for 13 C. Chemical shifts are given on a δ (ppm) scale with TMS as an internal standard. 1 H, 13 C, DEPT, COSY, HMQC and HMBC spectra were recorded using standard Jeol standard pulse sequences.
Isolation procedure:
The fungal strain Phomopsis sp. IM 41-1 was cultivated on sterile steamed unpolished rice (total 1000 g, 20 g / Petri dish x 50) at 25˚C for 4 weeks. The rice was extracted with MeOH (5 L), and the extract concentrated. The resulting aqueous concentrate (0.5 L) was partitioned with n-hexane (0.5 L), and EtOAc (1.5 L). Each fraction was concentrated to dryness to yield the n-hexane (600 mg), EtOAc (500 mg) and aqueous soluble residues (1.5 g). Purification of the EtOAc soluble fraction was monitored on TLC plates by the characteristic intense blue coloration with 10% vanillin in H 2 SO 4 . The EtOAc soluble fraction was chromatographed on a silica gel column using stepwise elution with n-hexane: EtOAc (100:0-0:100) and EtOAc: MeOH (50:50-0:100), respectively, to afford fractions 1-1 to 1-13. Fractions 1-3 and 1-4 were combined and further chromatographed on a silica gel column using CHCl 3 : EtOAc (80:20) to yield phomoxanthone A (1, 30.0 mg) and 12-O-deacetyl-phomoxanthone A (2, 19.0 mg). Antimicrobial assays were carried out by the paper disk diffusion method using a published protocol [6] .
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